Higher plants are the major source of crude drugs used in herbal therapy. Adulteration in crudedrug material has necessitated scientific characterization of plant drugs, which is based primarily on morphological, anatomical and physico-chemical characters studied through microscopy and some analytical techniques. These criteria are helpful in isolating the adulterants from the actual drug, but fail to deliver when the very botanical identity of a plant drug is controversial, and several different plant species are used under a single drug name. This article suggests how to face this situation and overcome the problems likely to occur. Quantification of active ingredients in plant tissues is the only dependable way to identify the actual drug out of the different species in use. However, the amount of active ingredients in plants, responsible for the therapeutic efficacy of those plants, may vary with plant genotype and the habitat ecology, regulated largely by soil c h a r a c t e r s a n d a g r o -c l i m a t i c conditions. Even within the individual plant, concentration of active ingredients often varies with plant p a r t s / o r g a n s , s t a g e o f p l a n t development and status of plant nutrition. Besides, degradation of environment may not only affect the quantity, but even the composition of the secondary metabolites produced. This situation may alter the chemical properties, and hence the degree of therapeutic effectiveness of these bioactive compounds. Thus, a careful estimation of active ingredients, taking all the above-said situations into account, may decide which species should be regarded as the actual drug, which as an alternative drug and which as the non-drug (if the amount of the ingredient in question is just negligible). It may also indicate which plant organ should preferably be used and what should be the proper stage for harvesting. Further, environmental degradation may have a far-reaching influence on the therapeutic potential of medicinal plants and may also necessitate a re-fixing of drug doses, keeping in view the overall impact of environmental degradation on the active ingredients of these plants on one hand, and on the resistance level / immune system of human beings on the other.
mention of about 2000 plant species (Beigh ., 2002; Dar and Farooq, 1997) . Vedic literature, especially and written sometime between 300 and 2000 BC, offered prescriptions for numerous maladies such as rheumatism, neuralgia, gout, jaundice, tumours, bronchitis, elephantiasis and skin diseases. The of the is perhaps the oldest scientific account of classification of medicinal plants. A systematic and detailed account of medicinal plants was later given in (1000-800 BC) by Charaka, known as the father of Ayurvedic medicine. Several popular drugs such as opium, hashish, dhatura, rauwolfia, nux-vomica, aconite, mustard seeds, lemon, antimony, sulphur, gold (considered as a potent drug), human milk, blood, animal testicles (especially of musk deer) were described by vernacular names in the VedicoBrahminic books of medicine, including and (800-700 BC), the latter being the first document on Ayurvedic surgery (Pasquale, 1984; Raghunathan, 1987) . In the recent history, Ayurveda flourished during the reign of Mughal emperor Akbar; it was in this period that Garcia D' Orta, a Portuguese physician and herbalist, published his 'Conversations on the simples, drugs and medicinal substances of India' in 1563, wherein he produced novel information on various medicinal plants and tropical human ailments (Shane, 2014) . During the British rule, Indian therapies in general were suppressed and, alternatively, allopathy sprang up fast. British Pharmacopoeia was the most widely used compilation of western drugs those days. Ayurveda and other Indian therapies started regaining the ground around 1820 and became increasingly popular with the passage of time (Shane, 2014) .
The emergence of Tamil language and Siddha system of medicine is believed to have been simultaneous in the Dravidian civilization, prior to the Aryan occupation of Sind region and Gangetic plain. Siddha is quite popular in Tamil Nadu and adjoining areas till date. Mythological believers connect it with Lord Shiva and his wife Parvati, who explained it to their son Lord Muruga, who transferred this knowledge to his disciple sage Agasthya (the father of Siddha medicine), who reportedly taught 18 Siddhars, who spread this knowledge into the human society. However, due to lack of supportive evidence, such claims have often been ignored by researchers in the field of medicine. The earlier epigraphic records in Tamil are said to have appeared in early part of the 7th century AD and , the oldest Tamil book, was written supposedly in the 11th century. This book made a mention of Siddha medicine (Krishnamurthy and Mouli, 1984; Swamy, 1975) . Siddha system identifies 4448 human diseases and its therapeutics is based mainly on metals and minerals.
Hippocrates (460-377 BC) laid the foundation of Unani therapy in Greece, which attained unprecedented heights by the efforts of Dioscorides (1 century AD). His book, , remained a popular medical text for more than 1500 years during the Great Roman period and the middle ages. This medical science came to theArab-Persian world in 800AD, where it flourished optimally under the patronage of great scholars of that time such as Avicenna, Ibn Baithar and Rhazes. It came to
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According to 'The Plant List' (http://www.theplantlist.org), which supposedly contains all the known plant species and is maintained regularly by the Royal Botanic Garden and Missouri Botanical Garden, there are about 352,000 species of flowering plants coming from nearly 10500 genera that belong to 413 families (Steven, 2012) . Many of these plants possess therapeutic properties and are frequently used to cure human as well as animal diseases. Crude drugs are obtained from a variety of higher plants. The majority of herbal drugs belong to the spermatophytes, particularly the angiosperms (flowering plants). Moreover, the number of plants known for their medicinal utility continues to increase with new folk claims consistently coming to light and being endorsed through pharmacognostic and pharmacological evaluations (Anis ., 2000; Beigh ., 2002 Beigh ., , 2014 Iqbal ., 2011a) .
A cursory glance over the relevant literature reveals that the study of herbs dates back to nearly 5000 years. Sumerians, the people of Sumer, i.e. the southernmost region of the ancient Mesopotamia (the land between rivers Tigris and Euphrates, encompassing the southern Iraq and Kuwait of today), started dealing with herbal medicine in a formal way around 3000 years BC. Later, the art of healing developed in China, and the first Chinese herbal entitled 'Shennong Bencao', presenting a list of 365 medicinal plants with brief descriptions of their therapeutic importance, appeared as early as 2700 BC. In India, the use of herbal medicine began around 1900 BC. The ancient Indian herbalists, such as Charaka and Sushruta, described over 700 plants of medicinal significance. Egyptians started using plants for therapeutic purposes around 1000 years BC and the Arab scholars markedly contributed to the then existing knowledge of medical science (Beigh ., 2002) . During the 9th century AD, for instance, Al-Dinawari (828-896 AD) described some 637 plant drugs.
(The Canon of Medicine) of Abu Ali IbnSina (Avicenna; 980-1037 AD), referred to 800 tested drugs of plant and mineral origin. It was prescribed as a standard medical text at many medieval universities and remained in use till the middle of the 17th century. Recently, it was reprinted in New York in 1973. This book laid the foundation stone of clinical pharmacology, randomized controlled trials and efficacy tests, which gradually became the main stays of the modern medicine. Later, Ibn-al-Baitar (1197-1248 AD) described more than 1400 plants, including over 300 original discoveries, in the 13th century AD. All these works became the main source of information for subsequent publication of the European herbals (Pasquale, 1984) .
India has a long tradition of using drugs derived from plants. We now have three well established indigenous systems of medicine, namely Ayurveda, Unani and Siddha, of which the first two are based largely on herbs, whereas the last one has a greater focus on minerals. The Ayurvedic materia medica is a rich repository of herbs with a et al et al et al et al Al-Qanoon Fit-Tib 2011a) . The nutritional and environmental factors may also have a bearing on quality as well as quantity of these ingredients (Arshi ., 2006a (Arshi ., , 2006b Qureshi ., 2013; Iqbal ., 2011b) . The following text examines all these situations and presents an overview of recent efforts made to characterize the medicinal plants with especial reference to Indian perspectives.
Researchers dealing with medicinal plants are often faced with a situation where plant collection is not authentic. Since the cultivation of medicinal plants is still very uncommon, more than 80% of their species are collected globally from the natural forests (Cordell, 2015) . The samples so obtained may not be genuine due to deliberate or undeliberate adulteration or substitution. The plant collectors normally not being the trained plant taxonomists, may collect some other morphologically similar plant species, together with the actual one, due to carelessness or misidentification. Sometimes, adulteration can be done intentionally also; if the market price of the drug is high, the actual drug can be completely replaced by a similar-looking unconcerned but abundantly available cheaper plant material. However, in both cases, the actual drug species can be easily isolated from the adulterant(s) or fake substitutes on the basis of mutual comparison of their morphological, anatomical and physicochemical characters (Anonymous, 2007; .
The medicinal plants have been characterized until recently on the basis of physical, structural, and phytochemical properties of the test material, with additional help from DNA fingerprinting and chromatography (Khan, 2011; Garg ., 2014) . Many modern techniques, concerning the molecular biology and proteomics, are now being used in research on medicinal plants (Chaudhary ., 2014; Sarwat and Nabi, 2014; Mohsin ., 2015) . However, analysis of all these plant traits can help us in making the adulterants out only when the actual plant source of the drug is already known and the welldocumented information on its characters is available with us. In that case, using the relevant computer software, characters of the given drug sample can be compared, reliably and quickly, with those of the already identified genuine drug source. It takes no time in matching the plant signatures with utmost authenticity.
On the other hand, there are many herbal medicines whose botanical identity has been controversial due to lack of knowledge or inadequate information available. In such cases, several plant species are often used under a common drug name and the opinion of experts remains divided. In these cases, no morphological, structural, physico-chemical or molecular analysis of the given species can resolve the controversy, because here we are not sure which of the species should be treated as the 'standard' with whom the other candidates can be compared; thus there remains no room for character matching. In such a situation, quantification of plant metabolites of therapeutic importance present in all those species being used under a common drug name is the best and perhaps the only reliable 
Intricacies of medicinal-plant characterization
India via the Central Asia around the 13 century AD (Pasquale, 1984) and the Indian sub-continent became its biggest and final abode. It got exposed to modern scientific methodology in the 20 century by the efforts of two eminent scholars, namely (a) Hakim Ajmal Khan (1868 Khan ( -1927 , who initiated modern scientific research in Unani medicine with the help of Dr. Salimuzzaman Siddiqui FRS, who later isolated nine new alkaloids ( . ajmaline, ajmalinine, ajmalicine, isoajmaline, neoajmaline, serpentine, serpentinine and two week bases with m.p. 220°and 234°) from Asrol ( ), and (b) Hakim Abdul Hameed , who founded Hamdard Laboratories (India) and also Jamia Hamdard, a first-grade university of medical, paramedical and allied sciences in New Delhi, and strengthened the Unani therapy by undertaking drug manufacture and clinical trials on modern scientific lines (Iqbal, 2011) .
In addition, folk medicine is still popular in numerous tribal pockets throughout India, and extensively involves plant species. More than 4000 recognized ethnic groups constitute nearly 7.5% of the total Indian population. Despite having a great diversity of culture, food, habits, customs, and health-care concept, most of them use locally available herbal medicines to cure their common ailments. Nearly 19,000 species of vascular plants, 11,350 of nonvascular green plants and 14,500 of fungi are present in India (Jain, 2000) . More than 2000 of them are reportedly used in ethnomedicine (Anonymous, 1994 (Anonymous, , 2000 . A list of plants frequently used in the Indian systems of medicine for their important medicinal properties is given in Table 1 .
In ancient works, plant drugs were introduced normally by their general/vernacular names, and their descriptions were based mostly or solely on their morphological features. In the modern era, when old descriptions were matched with the morphology of similar-looking systematically classified and identified plant species, confusion arose in several cases due to overlapping of characters among different species. The botanical identity of many herbal drugs was also confused due to inconsistency in their vernacular/commercial names. There are instances where several plant species, often belonging to different genera and distant families, are known in the market by one and the same commercial name (Table 2a, 2b) . Conversely, a single plant species is sometimes identified by different drug names in different regions. Use of various vernaculars in the indigenous literature often blurs the correct botanical identity of the raw materials. The number of plant drugs with controversial botanical identity now runs into hundreds. To determine a genuine species to represent a drug mentioned in the old scriptures, quantification of active metabolites of all the different species having a single vernacular name can be a dependable solution, and a comparison on this ground may distinguish the actual drug among so many claimants. Nonetheless, such an assessment involves certain intricacies and requires extreme precaution. In fact, the concentration of bioactive compounds may vary with plant genotype, agro-c1imatic condition, plant age, growth stage, and organ/part of the plant (Iqbal and Srivastava, 1998; ., 
Controversial botanical identity of herbal drugs :
variation, plant age, growth stage, organ-specific preferences and plant-nutrition level, often have a collective influence on the status of such compounds in plant tissues (Iqbal ., 2011a; Dhir, 2015) .
Studies carried out on artemisinin, a sesquiterpene active against the cerebral malaria, have shown that plants growing in different regions of the world exhibit a remarkable effect of habitat ecology on their artemisinin content, which varies markedly with change in geographical/ecological conditions. It was 0.0 I to 0.09 per cent in different parts of India (Singh . 1986 ), 0.06 to 0.1 per cent in Argentina (Liersch . 1986 ), 0.01 to 0.5 per cent in different parts of China (Luo . 1980 ) and 0.06 to 0.22 per cent in the USA (Klayman et al. 1984 , Ferreira . 1995 . The compound was merely in traces in plants grown in Belgium, while its accumulation was maximum (about 0.42 and 0.50) in plants grown in Malaysia (Chan . 1997) and China (Luo . 1980 ), respectively. Some authors, however, consider it to be more a genotypic variation within a cross-pollinated population than a habitat-specific trait.
In a study of the bioactive compounds in , high temperature and light intensity were found to have a positive influence on the accumulation of naphthodianthrones, acylphloroglucinol, hyperforin and phenolic compounds, with the highest level of most of these secondary metabolites occurring during the flowering phase (Radušiene ., 2012) . On the other hand, low temperature and light intensity caused a significant decline in the level of hypericins, which touched the lowest during the flowering and fruiting periods (Radušiene . 2012) . However, it is often difficult to ascribe any observed change to some specific factor, because many abiotic factors usually cross-talk to a variety of internal factors and then a visible/perceptible impact sets in.
In a study of roots and rhizomes of anticancer plant , annual average precipitation, sunshine duration, soil pH, soil organic matter and readily available K in the soil were found to influence the production of secondary metabolites, mainly podophyllotoxin, quercitin and kaempferol (Liu ., 2015) . The annual precipitation was significantly and negatively correlated to metabolite contents, whereas soil OM was the most important limiting factor and showed a positive and significant correlation with the production of metabolites. In general, climate factors were more effective than soil factors (Liu ., 2015) . A recent study has revealed a significant effect of the Mediterranean climate on the production of secondary metabolites in medicinal plants (Stavroula and Rahul, 2017) Production of secondary metabolites in plants is often markedly affected by the local ecology (Ramakrishna and Ravishankar, 2012) . Certain substances need specific environments for their production, while others may require them for enhanced synthesis. Alkaloid content of approach (Iqbal ., 2011a; 2013) . The species containing the maximum of the compound concerned may be identified as the genuine drug, and those with lesser contents, as the possible alternatives. However, species having no or very little amount of that ingredient may be discarded and should no longer be used as a drug.
It is germane to clarify here that whereas the primary metabolites are the products of the anabolic and catabolic processes required for cell maintenance and proliferation, the secondary metabolites are chemical compounds that are not necessary for cell survival but contribute to plant fitness and survival in the environment. The secondary metabolites are identified mainly as: (a) N-containing metabolites, which are synthesized mostly from amino acids (e.g. alkaloids and glucosinolates), (b) non-nitrogenous metabolites, the phenolic compounds that have an aromatic ring substituted with a hydroxyl group (e.g. phenolic acids, coumarins, stilbenes, flavonoids tannins and lignins), and (c) terpenes, the derivatives of isoprenes composed almost entirely of carbon and hydrogen (e.g. plant volatiles, cardiac glycosides carotenoids and sterols). The structural diversity of most of these metabolites stems from the differentially modifying common backbone structures, with their derived compounds having divergent biological activities. Differential modification of the backbone structures has given rise to nearly 12000 known alkaloid structures and 10000 flavonoids with diverse biological activity (Kliebenstein, 2004; Ali, 2014) . The most abundant secondary metabolites include terpenoids, phenylpropanoids, flavonoids and alkaloids (Ali, 2014) . These are of great utility in the pharmaceutical and nutraceutical industry and offer cure for many human and livestock disorders (Beigh ., 2002 (Beigh ., , 2003 .
Many internal and external factors influence the plant chemistry and it is difficult to pinpoint a factor responsible for changes in chemical compounds. Several studies have shown the impact of normal environmental factors such as temperature, humidity and light, on production of secondary metabolites. Environmental stresses, like drought, salinity, heavy metals, a variety of other chemical pollutants and plant growth regulators have also shown diverse effects on biosynthesis of secondary metabolites (Ramakrishna & Ravishankar 2012 , Ali 2014 . Normally, a mild stress has stimulatory effects (Selmar and Kleinwächter, 2013) , this 'hormetic effect' effect has been discussed recently by Aref
. (2016) while evaluating the impact of gamma radiations on the hyoscyamine production in . However, strong stress is always inhibitive for plant metabolic activities.
As stated earlier, the fact remains that a realistic estimation of active ingredients in plant tissues is not always as simple as it is normally taken to be. A number of intrinsic as well as extrinsic factors, such as habitat topography, agro-climatic conditions, soil chemistry, cultivation techniques, genotypic ecological range or under disturbed ecosystem conditions, many medicinal plants behave atypically (Iqbal and Srivastava, 1998; Beigh . 2008) . The marked decline observed in the morphological, physiological and biochemical traits of grown at a lower altitude could be due to this factor. Similarly, altitude was positively and significantly correlated to the contents of total phenolics, flavonoids and rutin, but showed a et al A. heterophyllum heterophyllum et al
Podophyllum hexandrum et al
increased with increase in altitude; and among the different plant parts, tubers had the maximum (Beigh ., 2005 (Beigh ., , 2008 . Similar variations were observed for podophyllotoxin content in (Iqbal ., 2004) . The increase in alkaloid production with rising altitude could be related to biochemical adaptation of the species in a given ecological, edaphic or climatic niche. It is known that, outside their normal M. Iqbal et al. important to initiate studies aimed at identifying conditions that are optimal for plant growth and for the formation of active secondary metabolites, and then undertake programs of selection and genetic upgrading to conserve the endangered medicinal plants and develop suitable cultivars for their largescale cultivation.
In the case of a medicinal plant species having several genotypes, the level of active principle in plant tissues/organs may also exhibit genotypic variation. For instance, , a memory-vitalizing plant drug of the family Apiaceae, contains asiaticoside and madecassoside as its main active compounds. In its genotype F-line (with heavily-fringed leaf margin), the content of asiaticoside was almost half the content of madecassoside, whereas the ratio was just reverse in the genotype S-line (with smooth leaf margin) (Aziz ., 2007) .
In a study of , artemisinin was not detectable in the in-vitro produced callus; a negligible amount (0.004-0.006%) was detected in multiple-shoot regenerants, but it was considerably large in pre-flowering stage (0.08-0.10%) and flowering stage (0.10-0.12%) of plantlets grown in vitro (Gulati ., 1996) . Similar variations of artemisinin content in relation to stages of negative relationship with the content of tannins in (Liu ., 2016) . Annual sunshine also had a positive effect on flavonoids and rutin contents. Annual mean temperature showed a negative correlation with the accumulation of total phenolics (Liu ., 2016) . Likewise, altitude and annual mean temperature were significantly and positively correlated to the contents of chlorogenic acid and flavonoids in (Dong ., 2011) ; further, the geniposidic acid content showed a significant and positive relationship with the annual sunshine duration but a significant and negative correlation with the annual mean temperature (Dong ., 2011) .
Biosynthesis of secondary metabolites in these species, despite being a genetically controlled phenomenon, seems to be greatly influenced by both the biotic and abiotic environmental factors. Sometimes hormesis may also be operative, wherein mild stress acts as a stimulant for the metabolic activities of the biological system exposed and, consequently, the metabolite production is enhanced (Aref ., 2016). Water stress, radiation impact and other stresses in mild dose often act as elicitors and enhance metabolite production (Dhir, 2015) . Increased accumulation of carbohydrate is often a signal of enhanced production of secondary metabolites, which would add to the medicinal quality of the plant (Al-Gabbiesh ., 2015). It is plantlets than in the field-grown plants of . In the latter case, hyoscyamine content was relatively less (0.80mg g dw) in young leaves, more (1.50mg g dw) in old leaves and the maximum (1.76mg g dw) in medium-sized leaves, thus showing differences in relation to growth medium as well as the leaf age (Srivastava ., 1993) . Concentration of xanthotoxin, a furanocoumarin active against leucoderma and other dermal diseases, differed markedly in the field-grown and in-vitro-grownAmmi majus plants. It was only 4.0mg g dw in leaves and 4.2mg g dw in seeds of field-grown plants, but as high as 10.6mg g dw in the in-vitro-raised regenerating callus (Purohit ., 1995a (Purohit ., , 1995b .
A comparative study of Valeriana officinalis cultivation in an aeroponic, floating medium (a perlite and vermiculite mix), and in soil systems, revealed a 57% enhancement in the boronyl acetate concentration in the floating system, compared with the soil system (Tabatabei, 2008) . Many other crops also gave a superior yield in aeroponic cultivation, compared with the conventional field production (Pagilarulo ., 2005; Hayden, 2006) . Osmotic stress may have a bearing on the composition of essential oils. In fact, any factor that inhibits plant growth, can render more carbon available for the synthesis of secondary metabolites (Tabatabei, 2008) . plant growth were noticed in plants grown in vivo. Likewise, the amounts of peruvoside and neriifolian, the well-known cardiotonics, were more in the callus than in the regenerants of (Apocynaceae). Plants grown in vivo displayed an intermediate status. Peruvoside production was more in cotyledonary leaf callus than in hypocotyl callus, but neriifolian content was similar in both these calli (Gulati ., 2000) .
Similarly, the amounts of vincristine and vinblastine, the famous cardenolides with anticancer activity, varied in different developmental stages of cultures (Datta and Srivastava, 1997) . Vincristine production was less (up to 0.5μg g dry weight) in the callus than in regenerants (1.5μg g dry weight). Similarly, vinblastine was noted to be merely 2.5μg g dw in the callus, but 9.2μg g dw in regenerants. In the in-vivogrown plant material, vincristine content was comparable to that in the callus, whereas vinblastine content was comparable to that in regenerants. Nature of the medium also had an impact; the yield was relatively less on liquid medium than on solid medium (Datta and Srivastava, 1997) .
Accumulation of hyoscyamine, a tropane alkaloid used in treating asthma, was much less in the in-vitro-raised callus or
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Journal of Environmental Biology, January 2018 132 M. Iqbal et al. metabolites in roots and inflorescences were affected mainly by some soil nutrients such as Ca, Mg, P, K and Cu. These metabolites mostly belong to the class of sesquiterpene lactones, flavonoids and trans-cinnamic-acid derivatives (mainly caffeoylquinic acid) and possess several therapeutic properties (Sampaio ., 2016) . The gaseous as well as heavy-metal pollutants are markedly hazardous when in high concentration. Application of SO stress at the seedling stage of reduced the psoralen contents of leaves, stem and roots, especially during the pre-flowering stage (Ali ., 2008) . Roots, although significantly affected like stem and leaves in the pre-flowering stage, showed a greater potential to resist during the flowering and post-flowering growth stages. SO effect was most visible in seeds, showing a drastic fall of psoralen content, i.e. from 5.32% in control to merely 0.71% in treated materials (Ali ., 2008) .
Similarly, ozone treatment for 62 days with a mean O concentration of 171.6 g m in an open-top chamber caused a 50% decrease in the capsaicin level and about 53% increase in the total carotenoid content in the pericarp of the fruit (Bortolin ., 2016). In citrus plants, production of limonoids was altered by the drought and high temperature stress (Zandalinas , 2017) .
The effect of coal-smoke pollutants was found to be positive on the hyoscyamine contents of roots, stem and leaves of , which increased over the control by 67% in the stem, 109% in leaves and 1400% in roots of the field-grown plants. Interestingly, the increase was marginal and nonsignificant in the in-vitro-raised regenerants (Singh ., 2000) . Gamma irradiation (5-80 Gy) caused only insignificant changes in the hyoscyamine accumulation in this species, although low doses stimulated the metabolism, resulting in increased biomass production and photosynthetic efficiency (Aref ., 2016). Application of Zn (a micronutrient) in low concentration quickened the process of hyoscyamine production as expected, but proved to be toxic in high concentration (> 400μM ZnSO ), causing a reduction in hyoscyamine content (Srivastava ., 1993) .
Seed oils of and , are known to exhibit tuberculostatic activity. The influence of coal-smoke pollution not only reduced the total oil content but also altered the relative proportion of the component fatty acids of these oils (Iqbal ., 2011b) . Of the caprylic acid (C8:0), capric acid (Cl0:0), lauric acid (CI2:0) and myristic acid (CI4:0) present in ruellia oil, the proportions of the first and the third FAs increased, while those of others decreased in the polluted samples, compared with the control. In peristrophe oil, the proportion of lignoceric acid (C24:0) declined from about 49 to 7, while those of others (palmatic acid, stearic acid, arachidic acid and behenic acid) increased variously (Iqbal ., 2011b) . Similarly, salinity stress altered the FA proportions in the chicory seed oil; application of NaCI reduced the oil content and possibly disturbed the synthesis of long-chain FAs (Arshi ., 2006a Psoralen, another furanocoumarin, shows activity against leucoderma and other dermal disorders. Its concentration varies not only in different plant parts/organs of but even within the organ, depending on the stage of plant growth. The psoralen content was highest (5.32%) in seeds, much less (about 1% or less) in leaves, still less (0.32-0.54%) in the stem and the least (0.28-0.34%) in roots. Moreover, its concentration in all these plant parts varied at the pre-flowering, flowering and post-flowering stages, being the highest during flowering and lowest in the post-flowering phase (Ali ., 2008) . Among the various plant parts of , a highaltitude plant, tubers had the highest alkaloid contents, while the aerial stem contained the least showing the order of decline as: tubers > leaves > flowers > stem. In an ex-situ population at a lower altitude, however, the stem was richer in alkaloid content than flowers, depicting an order of T > L> S > F (Beigh ., 2008).
The above examples clearly demonstrate that production of active ingredients is markedly affected by the mode of cultivation and also varies with organs, plant age and growth stage. All these studies, together with many others, suggest that the estimation of active ingredients based on samples collected at any one stage of plant development or from any one organ/part of the plant or from a single habitat may not necessarily depict the actual status of the compound in the given species and, therefore, may not be realistic and fairly authentic.
Environmental degradation is now an added factor that affects almost every walk of life in the modern world, including the health of living beings. A variety of environmental pollutants, including gases, particulates, heavy metals, chemicals, noise, and radiations, act as stressors in the atmosphere and affect activities in living systems. Sustained environmental pollutions normally increase the atmospheric temperature of plant habitats, causing water stress and often creating oxidative stress within plant tissues, which has a bearing on plant metabolic activities. The much talked-about 'global warming', which is supposed to cause retreat of glaciers, rise of sea level, frequent extreme weather events, increased water acidification, community migration, species extinction, altered crop yields, and human-health hazards, is also an outcome of the environmental degradation. Surprisingly, the altered efficacy of medicinal plants has hardly been discussed and evaluated seriously in relation to the environmental pollution that has caused a variety of stresses.
It is now well understood that environmental stresses have a potential to alter the quantity, and sometimes even the quality, of secondary metabolites (Farooqi and Haque, 2011; Iqbal ., 2011b; Katare and Bora, 2011) . Various plant parts may respond differently to abiotic stresses in terms of the secondary metabolite production. Using the concatenated LC-MS and NMR data, Sampaio . (2016) correlated the seasonal pattern of metabolite production in the leaf and stem of with the amount of rainfall and changes in temperature; however, yield of artemisinin, which dropped from 16.09mg in the control to 6.56mg, 2.58mg and 1.54mg per plant at these three stress levels, respectively. A similar variation pattern of the content and total yield of artemisinin by was obtained by the application of salinity (NaCl) stress on (Qureshi ., 2005) .
The metabolite levels in tissues are also influenced by plant growth regulators. The percentage of alcohols and monoterpenes in Clary Sage ( ) generally declined with the application of kinetin, indole acetic acid (lAA) or paclobutrazol (PBZ). The level of sesquiterpene (ß-caryophyllene) gave a diverse response, showing an increase with kinetin, a decrease with IAA and an irregular and inconspicuous variation with PBZ, as compared with the control. Of the acetates present, proportion of linaryl acetate increased, while those of neryl acetate and geranyl acetate declined with each of the PGR used (Singh ., 2008) . Application of PBZ maximally enhanced the oil yield and improved the linalool-linalylacetate content by about 12% over the control (Singh ., 2008) . Using the fungal species and as biotic stress whereas salicylic acid and methyl jasmonate as abiotic stress, in vitro production of secondary metabolites in coffee bean ( ) was enhanced by Vaddadi and Parvatam (2015) . Abiotic stress was found to be more effective than the biotic stress in stimulating the production of caffeine, theobromine, cafestol, kahweol, trigonelline and its derivative nicotinic acid (Vaddadi and Parvatam, 2015) .
The above discussion indicates that controversies regarding the botanical identity of herbal drugs can be resolved reliably by carefully estimating the contents of their active ingredients responsible for therapeutic impact of the given drug. However, since the quantity of such biocompounds is variable with numerous internal and external factors, analysis of (i) any one part or organ of the plant at any one stage of plant ontogeny, (ii) a single genotype of a given species, or (iii) a single plant population growing in a locality with specific climatic and environmental set up, cannot give an exact idea of the actual magnitude of the amounts of active ingredients produced. Therefore, several samples from varied agro-climatic conditions, collected at different stages of plant growth and covering the various plant parts/organs of the given species need to be analyzed to determine which of the given plant species should be considered as the actual drug. If a species has more than one genotypes, all of them should be scanned for arriving at a judicious and authentic conclusion.
Furthermore, environmental stress may affect not only the overall quantity of the desired active ingredients but sometimes even their composition and hence the quality may be affected. This may also influence the overall therapeutic efficacy of the drug. If this happens, revision of drug doses may also become essential to maintain the expected curative effect of the drug. On the whole, not only the quality, and efficacy of drugs, but also their sustainable availability has to be ensured in view of the rapidly-growing demand of herbal medicine all over the globe.
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Plant growth regulators :
in the ratio of fatty acids and other constituents of oils have a bearing on the therapeutic properties of these oils.
In a study by Qureshi . (2013) , the fatty-acid profiling of revealed a major salinity-induced shift towards the long-chain and mono-saturated fatty acids. Myristic acid (14:0), palmitoleic acid (16:1), linoleic acid (18:2) and erucic acid (22:1) increased by 141%, 186%, 34% and 908%, respectively, in comparison with the control. The contents of oleic acid (18:1), linolenic acid (18:3), behenic acid (22:0) and lignoceric acid (24:0) decreased by 50%, 17%, 44% and 78%, respectively. Modification in fatty-acid composition might be a membrane adaptation to the long-term salinity and oxidative stress. Since fatty acids are the building blocks of lipids, including membrane lipids, any change in lipid composition would also be crucial for plant adaptation to the stress applied (Qureshi ., 2013) .
The yields of essential oils of the peppermint ( ) and apple mint ( ) plants were also reduced under salt stress. In pennyroyal ( ), on the contrary, salt stress increased the oil concentration in the tissue, suggesting that the process of oil synthesis/degradation was less sensitive to salt stress in this species (Aziz ., 2008) . Moreover, relative proportion of different constituents of the oil displayed varied responses. Similar experiments with and brought out that salt stress as well as water stress causes alterations in the yield and composition of essential oils (Baher ., 2002, Aziz and Taalab, 2004) .
Sennoside, an anthracine derivative, which is laxative in action, is the main active principle of plants. Its production was considerably reduced under salinity stress. The maximum decline, 64% and 60%, was observed on application of 160mM NaCI solution to the soil at pre-flowering and flowering stages, respectively. Application of CaCl caused an ameliorative effect and increased the sennoside content (up to 27%) in comparison to the control (Arshi ., 2006b). The total sennoside yield of a plant was dependent on the total biomass of pod and leaf (economic yield) and their sennoside content (Arshi ., 2002 (Arshi ., , 2004 (Arshi ., , 2005 .
Oxidative stress induced by heavy metals triggers signalling pathways, which regulate the production of specific metabolites. The reactive oxygen species (ROS) generated due to heavy-metal stress often causes lipid peroxidation, which facilitates formation of highly active signalling compounds capable of triggering the production of secondary metabolites (Nasim and Dhir, 2010) . In a study of heavy metal stress on artemisinin accumulation in the leaves of , lead stress dropped the artemisinin content from 464μg g dw (control) to 226μg g dw (with 100 ppm Pb), 180 μg g (with 250 ppm Pb) and 173 μg g dw (with 500 ppm Pb), showing a general decline of artemisinin content with increase in the level of Pb applied (Qureshi ., 2005 
